The narrow gauge railway lines in Japan have many small-radius curves. Therefore, various forced steering bogies have been developed to reduce the lateral force of wheel and increase the curve negotiating speed of trains. One is a bogie of longitudinally asymmetric structure 1) that has commercially been used since 1996. Another is the DC283 forced steering bogie 2) used for type 283 tilting diesel cars that has been used for limited express trains between Sapporo and Kushiro since 1997. On curves, the DC283 forcedly steers the wheelset with links according to the relative yawing angle between car body and bogie which is called "a bogie angle." This type of forced steering bogie has been studied and developed around the world 3),4), 5) . This paper compares the DC283 forced steering with a conventional bogie, and describes the influence of steering quantity on the lateral force of the forced steering bogie in curve negotiation based on the results of computer simulation and field test data.
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The mechanism of the steering system is as follows.
(1) When the car comes onto a curve, the angle between bogie and body generates an angle between the steering beam and bogie frame. The angle is called "a bogie angle." (2) When a bogie angle is generated on curve, the steer- 
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Lv means a surcharge of quantity of steering that is called the steering ratio. For example, Lv =1.0 is the steering quantity for a radial position. Lv =1.35 is the steering quantity of 35% surcharge for the radial position. Lv =0.0 is the steering ratio of the conventional bogie without a steering system. The effect to reduce the lateral force changes depending on the steering ratio Lv. This effect is estimated by computer simulation. Figure 4 shows a vehicle model. There are side bearers on the bogie cross beam, and the steering beam turns in the yaw direction around the center pin, to slide the top of side bearers. The steering beam is connected with a tilting beam. The tilting beam is connected with the car body by bolster anchors. Therefore, the steering beam, tilting beam and car body are fixed in the yaw direction. By the longitudinal stiffness of bolster anchor and resistance of side bearer frictional force, a resisting moment acts between car body and bogie. Because the influence of tilting movement on the wheel load and lateral force is small, the tilting movement is ignored. A nonlinear model is used in curving simulation. The factors considered as directions of motion are the yawing displacement, rolling displacement and lateral displacement for the vehicle, and lateral displacement for the rail. For the creep force, the saturation characteristics are considered according to the equation of Levi-Charte. As the information on the contact between wheel and rail, two-dimensional contact informations in the case of the yawing angle 0 are used. For hunting motion analysis, an eigenvalue analysis is used as a calculation model. Accordingly, the saturation characteristics of the creep force and nonlinearity of side bearer frictional force are ignored. The wheel of DC283 forced steering bogie use a conic profile tread. No.1 is larger than that of other wheelsets at the transition curve . As for Lv =1.2 and Lv =1.35, the lateral forces are smaller than those at Lv =1.0. And the lateral force of the inner wheel of wheelset No. 1 has a negative value on a circular curve. The direction of the angle of attack varies from outer side to inner side of track when the quantity of steering is too large, and the lateral force becomes negative. As well as the conventional bogie, the lateral force of the forced steering bogie is the largest in wheelset No.1. Therefore, we concentrate on the lateral force of wheelset No. 1 and evaluate it. Then, we consider the time lag of steering on transition curves, the sliding resistance of the side bearers and select Lv =1.2 -Lv =1.35 as the steering ratio of DC283 forced steering bogie. Figure 11 shows the influence of speed on the running stability. The damping ratio decreases, as the speed becomes higher. However, a damping ratio of about 0.3 is As a result of nonlinear simulation of running on a straight line, the critical speed of hunting of DC283 forced steering bogie is 280km/h. Figure12 shows an example waveform of simulation. The track irregularity is a lateral distortion of sinusoidal wave (wave length: 20m, amplitude 0-p: 7mm). From these results, DC283 forced steering bogie can ensure sufficient running stability at the maximum speed (145km/h). 
Notation and numerical value

Results of hunting motion analysis
DC283 forced steering bogie was first performed at the steering ratio of 1.35. Figure 13 shows the waveforms of the lateral force. The lateral force on a circular curve decreases with the DC283 forced steering bogie, in particular. Figure14 shows the mean lateral force in Fig. 13 . The mean lateral force for the DC283 forced steering bogie on the outer rail of circular curve decreases to 1/2-1/3 that of the conventional bogie. However, the reduction effect of the lateral force on the transition curve is smaller than on the circular curve, to delay the timing of steering when the lateral force becomes 0, even if the rear bogie exits on the transition curve and the front bogie enters a straight line. When the front bogie leaves the curve and runs on a straight line, a part of carbody is still remaining on the Running tests were performed at the steering ratio of 1.35 and 1.2. Figure16 shows the mean lateral force for different curve radii. The lateral force at the steering ratio of 1.2 on the outer side is larger than that at the steering ratio of 1.35. Accordingly, the steering ratio of 1.35 was judged as adequate. We tested the DC283 forced steering bogies to check the running stability at the maximum speed of 140km/h on a straight line, and confirmed that hunting motion did not occur. Furthermore, in order to examine the influence of the clearance (1 mm) generated in the joint of steering lever, we tested running stability under the condition that a clearance was artificially set in the joint of steering lever. In this test, the running stability and the curve negotiation performance were also satisfactory. 
